Abstract: Food security requires a thorough understanding of the spatial characteristics of cultivated land changes on a global scale. In particular, the spatial heterogeneity of global cultivated land changes needs to be evaluated with high spatial resolution data. This study aims to analyse the spatial distribution of global cultivated land and the characteristics of its variation, by using GlobeLand30 data for 2000 and 2010 with a 30-m spatial resolution. The cultivated land percentage and rate of cultivated land use change are calculated based on 18 agro-ecological zones (AEZs), 32 geopolitical and socioeconomic regions, and 283 world regions. The results show that (1) more cultivated land is located in regions under a temperate climate and moderate moisture conditions; (2) the percentage of cultivated land is related to the gross domestic product (GDP) and population, while increases and decreases in cultivated land are related to the rural population, policy encouragement, urbanization, and economic development; and (3) the percentage of cultivated land and rate of land use change within an AEZ vary greatly due to the different socioeconomic conditions, and the values within a geopolitical area also vary, due to different natural conditions.
Introduction
As the global population rises and the demand for foods grows, food security remains a widespread and serious problem, and this problem could increase in uncertain and changing climates [1] . Agricultural activities are challenged by measures implemented to increase food demands in a sustainable manner [2, 3] . Similar to urbanization, agricultural activities also cause a series of ecological consequences related to land use [4] . For example, agriculture is appropriately recognized as a considerable source of greenhouse gas emissions [5, 6] . Although agricultural production must be increased to meet the growing demands for food, it may increase greenhouse gas emissions [7] [8] [9] . When humans use land resources to meet survival needs via agricultural activities, land surfaces, such as forests, grasslands, and savannas, are used as cultivated land. Thus far, nearly 40% of the global ice-free land is used for agriculture [10] [11] [12] . Cultivated land change is critical in the context of land use changes for sustainable development [13] [14] [15] [16] [17] [18] . Analysis on the spatial distribution of cultivated land and its spatial variation throughout the world is helpful for understanding and solving the food security problem [19] [20] [21] . 2000 and 2010 are used as the data source for analysing the spatial distribution of global cultivated land and its spatial variation characteristics. GlobeLand30 is the first 30-m resolution global land cover dataset developed by the national geomatics centre of China. GlobeLand30 covers the global land areas for latitudes from 80 • N to 80 • S, and it is freely and publicly available for download (http://globallandcover.com/home). GlobeLand30 data are in the UTM-WGS84 coordinate system. In this study, to generate accurate statistical area, GlobeLand30 is redefined as the World Goode Homolosine Land map projection, which is a discontinuous, pseudo-cylindrical, equal-area projection that is usually used for world maps. Multispectral images are utilized for GlobeLand30 classifications, such as images from Landsat Thematic Mapper (TM) of Landsat 5 and Enhanced Thematic Mapper (ETM+) of Landsat 7, as well as the Huan Jing (HJ-1) satellite [40] .
The GlobeLand30 product contains ten major classes (in Figure 1) : forest, cultivated land, grassland, water bodies, shrubland, artificial surfaces, wetland, permanent snow and ice, tundra, and bare land. The total classification accuracy is 83.5%, and the accuracy of cultivated land classification reaches 83.06% [40] . Among the different classes, cultivated land represents the surface covering for the production of food and fibre through sowing and farming. Specifically, the cultivated land in the study includes the following: (1) new cultivated wasteland, fallow land, rotation fallow land, and rotation land between grassland and cropland; (2) land mainly planted with crops and containing a few fruit trees and other trees; and (3) bottomland and mudflats that were cultivated for more than three years [40, 41] . download (http://globallandcover.com/home ). GlobeLand30 data are in the UTM-WGS84 coordinate system. In this study, to generate accurate statistical area, GlobeLand30 is redefined as the World Goode Homolosine Land map projection, which is a discontinuous, pseudo-cylindrical, equal-area projection that is usually used for world maps. Multispectral images are utilized for GlobeLand30 classifications, such as images from Landsat Thematic Mapper (TM) of Landsat 5 and Enhanced Thematic Mapper (ETM+) of Landsat 7, as well as the Huan Jing (HJ-1) satellite [40] . The GlobeLand30 product contains ten major classes (in Figure 1) : forest, cultivated land, grassland, water bodies, shrubland, artificial surfaces, wetland, permanent snow and ice, tundra, and bare land. The total classification accuracy is 83.5%, and the accuracy of cultivated land classification reaches 83.06% [40] . Among the different classes, cultivated land represents the surface covering for the production of food and fibre through sowing and farming. Specifically, the cultivated land in the study includes the following: (1) new cultivated wasteland, fallow land, rotation fallow land, and rotation land between grassland and cropland; (2) land mainly planted with crops and containing a few fruit trees and other trees; and (3) bottomland and mudflats that were cultivated for more than three years [40, 41] . 
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The cultivated land percentage indicates the proportion of cultivated land in the total land area of the designated region [42] . The higher the cultivated land percentage is in a region, the larger the 
The cultivated land percentage indicates the proportion of cultivated land in the total land area of the designated region [42] . The higher the cultivated land percentage is in a region, the larger the area of cultivated land. The distribution can occur over a large cultivated area and be concentrated in big patches, or over a small cultivated area and concentrated in many small patches and other situations. The formula for calculating the cultivated land percentage is shown as follows:
where P denotes the cultivated land percentage, A c is the area of cultivated land in a region, and A a is the total area of the same region.
Rate of Land Use Change
The rate of land use change is usually used to describe the overall trend of land use change during a study period [43] . Assuming that the average rate of land use change is used to reflect the overall trend of cultivated land change during the ten years, then the rate of land use change is calculated by the following formula:
where D denotes the rate of land use change for cultivated land during the study period; A t0 and A t1 are the areas of cultivated land in the initial and final years, respectively; and T is the time between the initial and final year.
Spatial Analysis and Results

Basic Spatial Analysis
Approximately 18.91 and 19.31 million km 2 of cultivated land was observed in 2000 and 2010, which represent approximately 13.98% and 14.29% of the global land area, respectively (in Table 1 ). Overall, the cultivated land area increased by 0.40 million km 2 , or 0.31% of the world land area, from 2000 to 2010. The geographic distribution of global cultivated land in 2010 was characterized by high concentrations in certain areas, such as Asia, Europe, and America, as shown in green in Figure 2 . The distribution of cultivated land by continents in 2010 is shown in Table 2 . 
Spatial Aggregation Analysis
The cultivated land percentage and its change rate are calculated based on three spatial aggregations in the global integrated assessment model (GCAM), which is beneficial for identifying the interactions between land use and land cover, social economy, and climate change [44, 45] . The three spatial aggregations of global terrestrial land (without some small islands) in GCAM (http://www.globalchange.umd.edu/gcam) include 18 AEZs, 32 geopolitical and socioeconomic regions, and 283 world regions. Under the assumption that climatic and socioeconomic changes are drivers of land cover changes, we attempt to explore some climatic and socioeconomic variables to explain the changes in cultivated land. We wrote python code using arcpy in ArcGIS to statistically analyse the cultivated land percentage and its change rate for each geographic zone, according to Equations (1) and (2).
Spatial Aggregation Analysis Based on 18 Agro-Ecological Zones
From an agro-ecological perspective, the cultivated land percentage and its change rate are calculated based on the spatial aggregation of 18 AEZs, which were developed by the Food and Agricultural Organization (FAO) and the International Institute for Applied Systems Analysis (IIASA) to assess agricultural resources and the potential uses of agricultural areas [45] [46] [47] . Global land is split into 18 AEZs by overlaying the six length of growing period (LGP) categories with the three climatic zones, as shown in Table 3 . An LGP is defined as the total number of days that the moisture regime is suitable for planting crops when temperatures are higher than 5 °C [45] . There are six categories of LGPs: 0-59, 60-119,120-179, 180-239, 240-299, and 300-365 days, which correspond to the moisture conditions of arid, dry semi-arid, moist semi-arid, sub-humid, humid, and per-humid, respectively. The climate zones include tropical, temperate, and boreal. 
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Spatial Aggregation Analysis Based on 18 Agro-Ecological Zones
From an agro-ecological perspective, the cultivated land percentage and its change rate are calculated based on the spatial aggregation of 18 AEZs, which were developed by the Food and Agricultural Organization (FAO) and the International Institute for Applied Systems Analysis (IIASA) to assess agricultural resources and the potential uses of agricultural areas [45] [46] [47] . Global land is split into 18 AEZs by overlaying the six length of growing period (LGP) categories with the three climatic zones, as shown in Table 3 . An LGP is defined as the total number of days that the moisture regime is suitable for planting crops when temperatures are higher than 5 • C [45] . There are six categories of LGPs: 0-59, 60-119,120-179, 180-239, 240-299, and 300-365 days, which correspond to the moisture conditions of arid, dry semi-arid, moist semi-arid, sub-humid, humid, and per-humid, respectively. The climate zones include tropical, temperate, and boreal.
The analysis in this section assumes that the change in cultivated land is related to climate and humidity regions. The cultivated land percentage is calculated by computing the proportion of cultivated land in the total land use area based on 18 AEZs in 2010, as shown in Figure 3 . The cultivated land percentages in the temperate zone range from 6.77-42.40%, which is greater than the 2.85-29.03% and 0-6.96% in the tropical and boreal zones, respectively, as shown in Figure 3a . This result shows that more agricultural land is located in the temperate zone than the tropical and boreal zones. The ranges of cultivated land percentages in the dry semi-arid, moist semi-arid, sub-humid, and humid zones are higher than the ranges in the arid or per-humid zones, as shown in Figure 3b . This result shows that the moisture regimes in dry semi-arid, moist semi-arid, sub-humid, and humid zones have relatively larger areas of cultivated land than the extreme moisture regimes, such as arid or per-humid. The analysis in this section assumes that the change in cultivated land is related to climate and humidity regions. The cultivated land percentage is calculated by computing the proportion of cultivated land in the total land use area based on 18 AEZs in 2010, as shown in Figure 3 . The cultivated land percentages in the temperate zone range from 6.77-42.40%, which is greater than the 2.85-29.03% and 0-6.96% in the tropical and boreal zones, respectively, as shown in Figure 3a . This result shows that more agricultural land is located in the temperate zone than the tropical and boreal zones. The ranges of cultivated land percentages in the dry semi-arid, moist semi-arid, sub-humid, and humid zones are higher than the ranges in the arid or per-humid zones, as shown in Figure 3b . This result shows that the moisture regimes in dry semi-arid, moist semi-arid, sub-humid, and humid zones have relatively larger areas of cultivated land than the extreme moisture regimes, such as arid or per-humid. Figure 4 shows the rate of land use change for cultivated land based on the 18 AEZs, which is calculated by Equation (2) to reflect the general trend of land use change from 2000 to 2010. The rate of land use change for global cultivated land varies depending on the different moisture regimes and climate conditions. The highest value is located in the region with tropical and arid conditions; the lowest value is located in the region with boreal and humid conditions. The cultivated land mainly increased in the arid regions and decreased in the humid regions. Within the arid, moist semi-arid, Figure 4 shows the rate of land use change for cultivated land based on the 18 AEZs, which is calculated by Equation (2) to reflect the general trend of land use change from 2000 to 2010. The rate of land use change for global cultivated land varies depending on the different moisture regimes and climate conditions. The highest value is located in the region with tropical and arid conditions; the lowest value is located in the region with boreal and humid conditions. The cultivated land mainly increased in the arid regions and decreased in the humid regions. Within the arid, moist semi-arid, sub-humid, and humid moisture regimes, the cultivated land area increased by varying degrees under the boreal, temperate, and tropical climate conditions.
Spatial Aggregation Analysis Based on 32 Geopolitical and Socioeconomic Zones
From a geopolitical perspective, the spatial analysis is discussed based on the spatial aggregation of 32 geopolitical and socioeconomic regions, most of which are representative of economic sectors, such as trade, energy use, and industrial production [50] . Figure 5 shows the cultivated land percentages and rate of land use change for the cultivated land of these 32 geopolitical and socioeconomic zones.
As shown in Figure 5a , the percentage of cultivated land in the 32 geopolitical and socioeconomic zones ranges from 4.36% to 64.32%. Among all geopolitical regions, the relatively high cultivated land 
As shown in Figure 5a , the percentage of cultivated land in the 32 geopolitical and socioeconomic zones ranges from 4.36% to 64.32%. Among all geopolitical regions, the relatively high cultivated land percentages are located in India (number 17) and Europe (numbers 12-15), which are shown in red in Figure 5a . It is likely that a large amount of cultivated land is required to alleviate the food demand burdens caused by the large population in India, as shown in Figure 6a . The climate and terrain conditions are conducive for agricultural development in Europe, and to some extent, the development mode is promoted to be more efficient and intensive due to the region's high gross domestic product (GDP), as shown in Figure 6b . Meanwhile, low cultivated land percentages are found in South America Northern (number 25), Colombia (number 32), and Canada (number 8), at 4.36%, 5.20%, and 5.22%, respectively, due to the small populations in these areas, as shown in Figure 6a . The population and GDP data for 2010 were obtained from the World Bank (https://data.worldbank.org.cn/). Figure 5b shows that the rate of land use change for cultivated land in the 32 geopolitical and socioeconomic zones ranges from -0.44% to 1.34%. The rate of land use change for cultivated land is relatively higher in some regions than in others, such as Africa_Western (number 5), Argentina (number 31), and Africa_Southern (number 4), as shown in red in Figure 5b . Changes in the rural population and GDP between 2010 and 2000 are used to explore the possible reasons for the cultivated land change. Rural population and GDP data for 2000 and 2010 came from the World Bank (https://data.worldbank.org.cn/). The growth of cultivated land has been mainly accompanied by the rapid growth of the rural population, as shown in Figure 7a . Meanwhile, certain regions have a rate of cultivated land use change that is relatively lower than that of other regions, such as, China (number 11), the European Free Trade Association (number 16), and the Middle East (number 21), as shown in blue in Figure 5b . The rate of cultivated land use change in these regions is less than 0, indicating that cultivated land has decreased over the decade. The decrease in cultivated land in China (number 11) is mainly due to rapid urbanization consuming a large amount of cultivated land. This trend follows the large migration of people from the countryside to the city, as well as the considerable reduction percentages are located in India (number 17) and Europe (numbers 12-15), which are shown in red in Figure 5a . It is likely that a large amount of cultivated land is required to alleviate the food demand burdens caused by the large population in India, as shown in Figure 6a . The climate and terrain conditions are conducive for agricultural development in Europe, and to some extent, the development mode is promoted to be more efficient and intensive due to the region's high gross domestic product (GDP), as shown in Figure 6b . Meanwhile, low cultivated land percentages are found in South America Northern (number 25), Colombia (number 32), and Canada (number 8), at 4.36%, 5.20%, and 5.22%, respectively, due to the small populations in these areas, as shown in Figure  6a . The population and GDP data for 2010 were obtained from the World Bank (https://data.worldbank.org.cn/). Figure 5b shows that the rate of land use change for cultivated land in the 32 geopolitical and socioeconomic zones ranges from -0.44% to 1.34%. The rate of land use change for cultivated land is relatively higher in some regions than in others, such as Africa_Western (number 5), Argentina (number 31), and Africa_Southern (number 4), as shown in red in Figure 5b . Changes in the rural population and GDP between 2010 and 2000 are used to explore the possible reasons for the cultivated land change. Rural population and GDP data for 2000 and 2010 came from the World Bank (https://data.worldbank.org.cn/). The growth of cultivated land has been mainly accompanied by the rapid growth of the rural population, as shown in Figure 7a . Meanwhile, certain regions have a rate of cultivated land use change that is relatively lower than that of other regions, such as, China (number 11), the European Free Trade Association (number 16), and the Middle East (number 21), as shown in blue in Figure 5b . The rate of cultivated land use change in these regions is less than 0, indicating that cultivated land has decreased over the decade. The decrease in cultivated land in China (number 11) is mainly due to rapid urbanization consuming a large amount of cultivated land. This trend follows the large migration of people from the countryside to the city, as well as the considerable reduction in the rural population over the 10 studied years, as shown in Figure 7a 
Spatial Aggregation Analysis Based on 283 World Regions
From both agro-ecological and geopolitical perspectives, the cultivated land percentage is calculated for 283 regions, which are divided by intersecting the 18 AEZs with the 32 geopolitical and socioeconomic regions. As shown in Figure 8a , the cultivated land percentage ranges from 0% to 91.27% in the different regions, which reflects the spatial heterogeneity of the cultivated land distribution. The highest cultivated land percentage is located in the northern Africa region, where the climate conditions are moist semi-arid and tropical. The second-to fourth-highest cultivated land percentages are located in India, where the moisture regimes are dry semi-arid or moist semi-arid, and the climate conditions are tropical or temperate. Meanwhile, some regions have no cultivated land, such as southern South America, Southeast Asia, and Argentina, which are in the boreal climate zone and have moisture regimes that are sub-humid or per-humid. 
From both agro-ecological and geopolitical perspectives, the cultivated land percentage is calculated for 283 regions, which are divided by intersecting the 18 AEZs with the 32 geopolitical and socioeconomic regions. As shown in Figure 8a , the cultivated land percentage ranges from 0% to 91.27% in the different regions, which reflects the spatial heterogeneity of the cultivated land distribution. The highest cultivated land percentage is located in the northern Africa region, where the climate conditions are moist semi-arid and tropical. The second-to fourth-highest cultivated land percentages are located in India, where the moisture regimes are dry semi-arid or moist semi-arid, and the climate conditions are tropical or temperate. Meanwhile, some regions have no cultivated land, such as southern South America, Southeast Asia, and Argentina, which are in the boreal climate zone and have moisture regimes that are sub-humid or per-humid. Figure 8b shows that the rate of land use change for cultivated land ranges from −8.11% to 10.63%, and these values are greater than those in the 18 AEZs and 32 geopolitical and socioeconomic zones. Among the 283 regions, the highest rate of cultivated land use change is located in the western Africa region, with temperate and arid moisture conditions, where the cultivated land exhibits the greatest growth. Meanwhile, the most severe cultivated land reduction is located in Brazil, where the climatic conditions are temperate and the moisture conditions are humid. The 283 regions throughout the world have been divided into detailed areas, which can better reflect the changes in cultivated land in a specific region.
Throughout the 283 regions, one AEZ with the same natural conditions can be divided by different national or subnational borders, which are conducive to drawing the political, social, and economic boundaries that affect the agricultural production decisions by farmers and other decision-makers. Within one AEZ, the spatial distribution of cultivated land varies, due to the different economic conditions of the country and different agricultural development policies. For example, the cultivated land percentages within AEZ 3 range from 0.05% to 91.27% for different geopolitical and socioeconomic conditions. At the same time, multiple AEZs are present in a geopolitical and socioeconomic region. For example, the region of China contains 14 AEZs. Therefore, the cultivated land percentage within China varies widely, from 0.85% to 54.41%, due to the different natural conditions.
There are four economic systems, including low-income, lower-middle-income, upper-middle-income, and high-income systems, according to the definition of the World Bank [51] . To further analyse the cultivated land distribution characters, the 283 world regions were divided into four economic systems, according to the average GDP in 2010. The cultivated land area and its change with four types of economic incomes are analysed under the same agro-ecological condition (in Figure 9) . The four economic systems have different proportions of cultivated land area and changes in cultivated land area within the same moisture and climate conditions. Generally, a greater amount of cultivated land and areas with increasing percentages of cultivated land are located in upper-middle-income countries and low-income countries. Much of the increase in cultivated land in low-income and lower-middle-income countries occurred under dry arid, semi-arid, moist semi-arid, and tropical conditions, as shown in blue and red in Figure 9b . Much of the increase in cultivated land in high-income countries is under arid and boreal conditions, as shown in yellow in Figure 9b . Figure 8b shows that the rate of land use change for cultivated land ranges from −8.11% to 10.63%, and these values are greater than those in the 18 AEZs and 32 geopolitical and socioeconomic zones. Among the 283 regions, the highest rate of cultivated land use change is located in the western Africa region, with temperate and arid moisture conditions, where the cultivated land exhibits the greatest growth. Meanwhile, the most severe cultivated land reduction is located in Brazil, where the climatic conditions are temperate and the moisture conditions are humid. The 283 regions throughout the world have been divided into detailed areas, which can better reflect the changes in cultivated land in a specific region.
Throughout the 283 regions, one AEZ with the same natural conditions can be divided by different national or subnational borders, which are conducive to drawing the political, social, and economic boundaries that affect the agricultural production decisions by farmers and other decisionmakers. Within one AEZ, the spatial distribution of cultivated land varies, due to the different economic conditions of the country and different agricultural development policies. For example, the cultivated land percentages within AEZ 3 range from 0.05% to 91.27% for different geopolitical and socioeconomic conditions. At the same time, multiple AEZs are present in a geopolitical and socioeconomic region. For example, the region of China contains 14 AEZs. Therefore, the cultivated Cultivated land area and its change under different agro-ecological conditions were analysed for the same income levels ( Figure 10 ). The cultivated land percentage and its change rate for three climate and six moisture conditions were different at the same income level. Within low-income and lower-middle-income countries, more cultivated land and changes in cultivated land occurred in the tropical zone, as shown in red in Figure 10a . Within high-income countries, more cultivated land and changes in cultivated land occurred in the temperate zone, as shown in green in Figure 10a . Within upper-middle-income countries, more cultivated land is located in the temperate zone, and an increase in cultivated land area mainly occurred in the tropical zone. As shown in Figure 10b , limited differences were observed in the proportion of cultivated land area and changes in cultivated land in the six moisture regimes within the same economic systems. The cultivated land area increased slightly more under moist semi-arid conditions within lower-middle-income countries, and under arid conditions within the high-income countries.
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Conclusions
This study used 30-m resolution land use cover data to analyse the global distribution and change in cultivated land, which is helpful for understanding and solving the problem of food security. In 2010, the global cultivated land cover was 19.31 million km 2 , which accounted for 14.29% of the global land area. The distribution and changes in cultivated land were analysed through three types of spatial aggregations, including 18 AEZs, 32 geopolitical and socioeconomic regions, and 283 world regions. From an agro-ecological perspective, the results demonstrate that cultivated land exhibits the greatest distribution in temperate zones and moderate moisture regimes. From 2000 to 2010, the cultivated land exhibited a substantial increase in relatively arid areas. From a geopolitical perspective, some regions, such as India, must have more cultivated land to meet the food needs of a large population, whereas areas such as Europe have more efficient and intensive development modes of cultivated land due to their relatively high GDP. The growth in cultivated land may have coincided with a large increase in the rural population, such as in Africa, and may have been due to state support for agricultural development, such as in Argentina. A reduction in cultivated land may be related to rapid urbanization and rural depopulation, such as in China; it may also be related to rapid economic development, such as in the European Free Trade Association and the Middle East. From both agro-ecological and geopolitical perspectives, the value ranges of cultivated land 
This study used 30-m resolution land use cover data to analyse the global distribution and change in cultivated land, which is helpful for understanding and solving the problem of food security. In 2010, the global cultivated land cover was 19.31 million km 2 , which accounted for 14.29% of the global land area. The distribution and changes in cultivated land were analysed through three types of spatial aggregations, including 18 AEZs, 32 geopolitical and socioeconomic regions, and 283 world regions. From an agro-ecological perspective, the results demonstrate that cultivated land exhibits the greatest distribution in temperate zones and moderate moisture regimes. From 2000 to 2010, the cultivated land exhibited a substantial increase in relatively arid areas. From a geopolitical perspective, some regions, such as India, must have more cultivated land to meet the food needs of a large population, whereas areas such as Europe have more efficient and intensive development modes of cultivated land due to their relatively high GDP. The growth in cultivated land may have coincided with a large increase in the rural population, such as in Africa, and may have been due to state support for agricultural development, such as in Argentina. A reduction in cultivated land may be related to rapid urbanization and rural depopulation, such as in China; it may also be related to rapid economic development, such as in the European Free Trade Association and the Middle East. From both agro-ecological and geopolitical perspectives, the value ranges of cultivated land percentage and rate of land use change for 283 world regions are much larger than the values for the 18 AEZs and 32 geopolitical regions, which can help clarify the spatial differences. The cultivated land percentage and rate of land use change within an AEZ vary greatly due to differences in the socioeconomic conditions, and the values within a geopolitical area vary due to different natural conditions. Cultivated land and changes in cultivated land for low-income and lower-middle-income countries mainly occurred in the tropical zone. In high-income countries, cultivated land and areas with changes in cultivated land were mainly located in the temperate zone. In upper-middle-income countries, most of the cultivated land was located in the temperate zone, although the increase in cultivated land mainly occurred in the tropical zone.
This study analyses the regions where the cultivated land percentages and land use change rate were higher and lower, and where the changes in cultivated land were concentrated. Scattered or small areas of cultivated land changes need to be further described in detail in a future study. During the analysis process, the land use datasets use the World Goode Homolosine Land map projection. Although this projection can minimize the deformation of the Earth, area errors still exist, especially at high latitudes. In the future, the spatial patterns of global cultivated land and its variation can be statistically analysed on a sphere to reduce the errors at high latitudes.
